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OBJECTIVE 


Present  the  elements  of  the  terrain  environment  Hhich 
affect  vehicle  performance  an<i  tabulate  or  indicate  avail¬ 
ability  of  data. 


RESULTS 


Data  concerning  soil  strength  are  available  in  an 
adequate  quantity  to  Indicate  the  expected  range  of  soil 
strength.  There  are  not  sufficient  data  to  identify  the 
range  of  geometric  profiles  nor  the  impact  of  vegetative 
cover. 


RECOSnENDATIONS 

Terrain  design  criteria  shonid  be  presented  in  quantita¬ 
tive  terns  where  possible.  Additional  data  should  be  included 
in  Military  Characteristics  as  they  become  available. 
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ABSTHACT 


A  discussion  of  the  eleaents  of  the  terrain  which  affect 
vehicle  perfornance  is  presented.  The  soil  valne  data  curreftt- 
ly  available  are  tabulated  and  a  brief  description  of  their 
application  is  provided. 

Prograns  devoted  to  the  description  of  terrain  environ¬ 
ments  are  reviewed. 
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imthodoction 


IIack«irownd» 

In  order  to  design  any  device  it  Is  necessary  to 
have  detailed  prior  knowledge  of  what  the  device  is  ex¬ 
pected  to  acr.onpltsh.  The  more  complex  the  device,  the 
more  detailed  must  be  the  design  specifications  or  criteria. 
When  a  new  vehicle  Is  required  by  the  Army,  the  criteria 
nre  established  in  the  '‘Mllltnry  Characteristics'*.  These 
criteria  have  normally  been  stated  in  qualitative  terns 
such  as  a  reqiil  rencnt  that  a  rentcle  is  to  be  mobile  in 
mud,  snow,  or  some  other  ’*dt  f  ficult**  soil  or  terrain  en- 
vl ronment . 

The  Army  has  tong  been  aware  that  the  use  of  quali¬ 
tative  dednltions  of  the  vehicle  operating  environment 
was  not  adequate.  However,  recognising  this  fact  did  not 
produee  a  better  moans  of  specifying  vehicle  requirements 
slnply  because  no  one  had  mere  than  a  vague  idea  of  what 

impact  the  terrain  eevlronment  had  on  rehlclo  performance. 

% 

Even  today  we  do  not  knew  what  elements  of  the  terrain 
envlroment  act  most  strongly  on  a  vehicle  nor  1 .1  there 
general  agreement  on  0  means  to  identify  the  environment. 
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Hi  story; 

In  1941  the  Ar-ny  began  its  nfforts  t«  reaeve  th* 
mystery  surrounding  the  off»road  perfornanc*  ef  vekieles. 
The  Corps  of  Rngineers  tvas  given  the  responsibility  for 
the  development  of  a  means  for  vehicle  performance  oral- 
nation.  There  was  no  great  desire  at  that  tlsw  to  estab¬ 
lish  design  criteria:  the  desire  was  simply  to  find  a 
way  to  properly  evaluate  or  predict  performance  If  soil 
conditions  were  known.  The  outcome  of  this  effort  was 
the  application  of  the  Civil  Engineer  penetrometer  test 
to  soil  and  a  correlation  of  performance  to  penetrometer 
reading^.  The  soil  was  identified  by  means  of  a  cone 
index  and  a  nobility  index  was  developed  that  character— 
Ized  vehicle  porformance.  Essentially,  the  mobility  In¬ 
dex  was  established  by  a  curvo  fitting  procadnre  In  which 
all  of  the  assumed  vehicle  characteristics  affecting 
mobility  were  Juggled  until  an  eguation  was  found  whieb 
fie  ti:e  experimenCal  results.  This  work  produced  e  very 
useful  evaluation  tool  but  did  not  provide  an  Insight  in¬ 
to  the  interaction  between  a  vehicle  snd  the  sell.  With¬ 
out  such  an  Insight  it  wr.s  not  possible  to  determine  how 
a  vehicle  should  be  designed.  Rather,  It  gave  an  insight 
into  how  vehicles  v/e re  designed. 
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The  Or<lnance  Corps  became  concerned  about  the  pro- 

i 

blcm  of  Vehicle  design  for  off-road  performance  when  it 
became  evident  that  tliclr  off-road  machines  could  not 
cope  with  the  natural  environment.  However,  the  initial 
emphasis  was  placed!  on  "mud  mobility"  since  this  was  as¬ 
sumed  to  be  the  problem  that  had  to  be  solved.  This, of 
course,  v/as  not  really  believed  by  anyone  since  what  was 
really  neant  was  that  the  mild  mobility  was  to  be  Improved 
without  any  reduction  in  other  elements  of  performance. 

This  statement  Is  offered  as  fact  since  it  would  be  no 
great  ac co,-p  1  i  slincnt  to  produce  a  vehicle  capable  of  cop¬ 
lug  with  almost  any'  "ir.nd  hole"  that  It  would  meet.  However, 
the  m.-.chiac  would  not  be  useful  in  a  reasonably  wide  range 

i 

I 

of  terrain  condition.  The  demand  for  a  universal  vehicle 
has  apparently  been  dropped  since  a  paper  was  written  , 
stating  this  boldly.  Hecause  it  was  to  rooeive  wide  dis¬ 
tribution  the  paper  required  eoncurre.>ce  by  many  channels 

within  the  Army,  51iiicc  it  received  the  necessary  con- 

i 

c'irrcnccs,  one  can  only  assume  Ihot  the  statement  must 
be,  or  has  been  in  the  recent  post,  true.  However,  even 
if  we  don't  demand  a  universal  vehicle,  we  do  demand  at 
least  a  icasonaulo  range  of  terrain  types  in  which  a  ve¬ 
hicle  can  operate, 
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.Uthoii'ili  the  Ordnance  Cnrpe*  effort  to  inprove  off¬ 
road  pcrfon-iitnce  was  originally  devoted  to  wed  Mobility 
it  soon  hccnne  evident  that  a  wide  range  of  soil  typee 
and  a  Multiplicity  of  terrain  elenents  most  be  eo.isiderod 
ill  establi  sliing  terrain  design  criteria.  This  was  re¬ 
flected  ill  the  work  of  the  Land  Locomotion  Laboratory 
which  attcnpced  to  gonernlize  the  problem.  The  approach 
taken  wns  to  identify  the  terrain  elements  In  quantitative 
terms  and  to  then  develop  equations  relating  the  vehicle 
to  the  terrain.  A  soil  value  system^,  waa  developed  which 
consisted  of  two  parts:  A  physical  sell  value  system  and 
a  goonetric  soil  value  system.  The  physical  sell  value 
system  Consists  of  a  set  of  parameters  that  fit  Into  a 
family  of  equations  which  describe  the  vertical  and  hori¬ 
zontal  force-deformation  eurvos.  Tho  force-defornotioM 
curves  are  obtained  by  neons  of  an  instrument  called  a 
nevametor.  The  details  of  tho  instrumentation  and  the 
procedure  for  obtaining  the  soil  Values  have  been  com¬ 
pletely  described  in  Reference  4  so  will  not  be  presented 
here.  (lowcvcr,  a  description  of  tho  use  of  the  parametorv 
is  given  Ir.  Appendix  A. 

The  geometric  soil  values  Uesorlbo  the  profile  of 
terrain  since  It  was  observed  that  even  if  soil  was  stren'g. 
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vefclclo  vibration  United  vehicle  ipeed  to  e  loir  level. 


It  1$  e  relatively  alnple  prepealtlon  to  develop  eqna- 
« 

tlona  •  deaeribing  the  vibration  eharaeterlstlca  of  a 
veblele  once  the  vibration  Input  la  knew.  Admittedly, 

If  the  non-llnearitlea  of  tire  deflectlona,  springe, 
dampers,  or  the  effect  of  a  heavy  track  on  vibration  can 
add  a  great  amount  of  complication  to  the  equations. 
However,  If  the  equations  produce  general  trends  which 
are  correct,  the  designer  knows  how  to  Inorove  performance. 
He  may  not  know  the  exeet  level  of  Inproverent  without  an 
experiment  but  he  knows  whether  a  given  change  represents 
an  Improvement  or  deterioration  In  perfornanee. 

Once  the  vibration  or  profile  envlronnent  and  soil 
strength  characteristics  were  Identified,  It  would  seem 
^reasonable  that  a  vehicle  designer  would  be  In  a  reason¬ 
ably  good  position  to  establish  his  design  criteria. 
However,  these  two  factors  do  not  consider  one  very  In- 
l^prtant  facet  of  the  envlronmentt  the  effect  of  obstacles 
(6)  In  the  form  of  vegetation^,  it  often  occurs  that  sell 
Is  strong,  profile  Is  mild  but  vehicle  perfornanee  la  still 
limited  by  vegetation.  For  exanple.  Figure  1  shows  the 
effect  of  grass  on  the  performance  of  a  tracked  vehicle. 

T%e  grr.ss  shown  in  the  photograph  was  approximately  five 
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feet  hljk  Dud  became' pa«ktd  iate  the  satpeRtfea.  sjrstaK 
•f  tbe  vebiela  to  the  pelat  of  immobillalag  the  vehielo. 
la  rigara  2,  wo  aoe  a  typical  obstacle  prodacad  by  vegota- 
tloa  la  a  Jangle  oavlroameat.  The  Corps  of  Caglaeors  has 
baea  very  active  ia  the  development  of  a  teehnlgae  to 
eetalog  vegetative  environment  as  a  part  of  the  llllltary 

7 

tvalaatloa  of  Cecgraphie  Areas  System  developed  by  Crnbaa  . 

It  woald  appear  that  there  are  three  prime  elements 
of  the  terrain  mhleh  limit  vehicle  performancet  the  soll» 
the  soil  profile,  and  the  vegetation  cover.  This  report 
represents  a  collection  of  the  physical  soil  valaes  and 
geometric  profiles  that  have  bean  obtained  by  the  Land 
Locomotlen  Laboratory.  Other  than  a  earsary  review  la 
Appendix  A,  no  attempt  Is  made  hero  to  describe  the  ap- 
plleatlon  of  the  soil  valaes  since  this  has  been  done  la 
earlier  pabllcatlens. 

OOJECT 

The  object  of  the  work  reported  was  to  collect  and 
report  the  physical  and  geometric  soil  valaes  that  have 
beaa  obtained  by  the  Land  Laeometlon  Laboratory  and  to 
Indicate  ether  sources  of  terrain  design  erltvria. 
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Tko  pkjtleal  and  geaMctrlc  val«««  that  hart  hcea  ohtata- 
ed  art  laelndad  In  Soetloa  VIX.  Tht  najtr  portion  of  earrent 
worh  derated  tpeel fienll/  te  obtaialni^  ttrrnia  deeign  erlterln 
It  being  eondaetod  by  the  Adrnnced  Retoareh  Projeett  Agency 
and  the  tfaterwayt  Experiment  Station  (WES)  of  the  Corps  of 
Engineers.  These  projects  are  reriewed  below  along  with  the 
stndiet  of  nutkeg  in  progress  in  Canada. 

The  WES  project  is  entitled  The  Wilitary  C/alnation  of 
Ceographie  Areas  and  is  concerned  with  a  complete  qnantitatirt 
tleacrlption  of  all  eloaents  of  terrain.  The  diaenssien  pres¬ 
ented  here  is  eencerned  primtrily  with  the  description  of 
rtgetatiea. 

The  progress  to  date  of  the  regetatloa  analysts  phase  of 
the  HECA  program  at  WES  is  the  establishment  of  a  workablt 
descriptirt  regetatien  classification.  The  system  was  derised 
by  Pr,  Dansereaa  of  Wew  York  Botanical  Cardens  and  has  been 
need  In  Paerto  Rico,  Thailand,  and  portions  of  Central  Amertea. 
Thry 'cl  as  s’f  f  i  c’allo'n~acToBnts  in  a  qMiIltatiye  fashion  for 
regetal  features  such  as  height,  erot.n  shape,  leaf  character¬ 
istics,  stem,  bronching,  roots,  arnature,  and  distribution. 

The  final  description  of  an  area  is  a  combination  of  symbols 
ia  which  these  charaetaristlcs  hare  been  categorixed. 
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The  elassifle.-ttlon,  although  quite  larAived  aed  rightly 
io  eensideriag  the  nature  of  vegetation,  la  free  froa  Letla 
naaos  and  haa  the  advantage  that  It  can  be  aaed  by  a  peraon 
with  little  or  no  bielogie  background.  The  avoidanee  of 
Latin  naffloa,  however,  neglecta  nany  of  the  auhtle  propertiea 
which  presently  have  to  bo  deaertbed  aynbolleal ly  in  the 
elaaslfieatlen. 

The  method  of  describing  an  area  eonalats  of  selecting 
random  points  by  statistical  aenna  such  as  a  grid  petteru 
and  then  meaauring  all  the  pertinent  data  at  this  paint  with* 
in  a  certain  radlnt.  Factors  such  os  polsonens  needles, 
edible  fruit,  limited  visibility,  etc.,  which  nay  be  applic¬ 
able  in  some  regions  bnt  not  in  ethers,  are  all  iaeorporated 
in  the  description.  WFS  also  hat  a  project  in  pragreaa  te 
deterniine  the  effecte  of  tree  spacing  on  vehicle  nebillty. 

The  resnlta  of  this  study  seem  te  indicate  that  this  analy¬ 
sis  la  similar  to  a  labyrinth  problem. 

Along  with  the  vegetal  description  of  a  terrain,  KCS 
hopes  to  incorporate  a  ’’F.-iffllly  factor  Concept**  in  the  atudy 
of  obstacles  in  vehicle  mubillty.  This  concept  baatcally 
implies  that  not  one  feature  of  the  terrain  alone  it  aa  Isi- 
portant  in  the  immohi 1 1  nation  of  a  vehicle  as  the  eemblnetton 
of  several.  The  ether  significant  terrain  footuras  consider- 

i 

ed  are  surface  conpoaitlon,  mi crogeouet ry ,  macrogoometry,  | 
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k]rdr«l09i«  geonotry.  Systems  for  aaeroseooetry  elssslfiea- 
tio»  sre  boing  morhed  on  at  Vanderbilt  University,  Marshall 
Onlvorsity,  and  the  University  ef  Tennessee.  Uicrogeonetry 
la  being  stndiod  nnder  contract  at  the  University  of  Sonth- 
ern  California  and  hydrologic  geometry  and  snrface  eonposltion 
la  being  handled  at  tfCS. 

Project  MERS  (Military  Envl ronnontal  Research  Studies) 
being 'conducted  by  ARPA  Is  devoted  to  the  definition  of 
specific  terrain  environments.  As  a  part  of  Project  MERS, 
the  techniques  established  for  MCCA  will  be  ntilized  along 
with  the  soil  description  nsod  by  the  Land  Locomotion  Labora¬ 
tory.  It  is  anticipated  that  Project  VERS  will  provide  a 
major  input  into  the  establishment  of  terrain  criteria  since 
this  Is  the  first  project  in  which  at)  eleuents  are  boing 
examined  in  the  broadest  terms  possible. 

A  review  of  the  classification  of  musheg  is  presented 
primarily  to  demonstrate  the  feasibility  of  classifying 
vegetation. 

Most  of  tho  world's  land  surface  in  the  oxtreno  latitudes 
toward  tho  north,  and  in  some  eases,  the  south,  it  covered 
by  an  orginic  terrain  known  aa  nuakng.  Muskeg  it  e  term 
which  hae  specific  connotations  with  rasped  to  both  tho 
surface  and  lubsurfaco  natorial.  The  work  done  in  establish- 
iag  a  valid  e  ia  tsi  f  t catl on  has  boon  eonpleted  by  N,  If.  Radforth 
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•f  ncHastorc  Uni vorsi tj.  This  tyttem  hnt  bven  proven  applie- 
ablt  In  countries  such  at  Alntka,  CanaAay  Rnssla,  Trtland, 
and  parts  of  Chile.  The  c t nssi f i eat  ion  is  sinfle  enongh  to 
bo  nsed  by  a  non-biotagi at  and  hat  the  prospects  (or  direct 
eerrelationa  to  enqineeriag  properties. 

The  tnrfnee  etasslfication  of  rauskag  Is  divided  into 
nine  eatogorles  laboleit  fren  A  to  I.  These  categories  are 
batnJ  on  the  vcriotol  features  of  wondinettf  and  stature.  An 
area  It  identified  by  the  letter  of  the  Most  predonlnate 
category,  follnwed  by  a  aorond  and  third  if  neeetajry,  but 
never  more  than  three  letters  are  nsed.  This  allows  for 
many  possible  theoretical  nuticog  combinations,  more  than 
actually  found  in  the  field. 

< 

The  sttbttirfnee  portion  of  the  nuskeg,  known  ea  peat 
hat  boon  divided  into  sixteen  categories  numbered  I  to  16. 
Those  cstegorles  are  lumped  into  three  broader  groupa  based 
on  the  visual  nature  of  peet.  Categories  1  to  7  are  amer- 
phons^grannlar,  0  to  il.  ore  fine-fibrous,  and  12  to  16,  are 

a 

coarsc-f fbroua.  The  categories  tre  qualitatively  defined, 
but  work  it  progressing  to  evaluate  thorn  on  a  qnantitntlve 
basis. 

In  enojunetlon  rritb  the  surfice  and  subsurface  classi¬ 
fications  of  muskeg,  an  overall  terrain  evaluation  of  the 
muskeg  reveals  several  definite  topographic  relattonshlps. 
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Tkta*  relntlonakipa  at«  divid'd  Into  alxteoM  eontoRr  typaa 
labalad  "a**  ta  "p*.  Tbay  iRCluda  tapagrapby  daaerlbad  aa 
past  plataaR,  elaaad  pand,  graval  bar,  and  rock  gravel  plain, 
ta  naaa  a  few.  Tablaa  have  boon  aatabllshad  which  show  In 
daaerlpklva  tarwa,  at  laaat,  tka  eorralatlon  of  topography 
ta  anrfaca  and  avhsorfaca  conditions, 

Tha  Most  widely  nsad  Method  of  muakog  mapping  ta  with 
tha  Msa  of  airphotos.  This  la  partly  doe  to  the  aeenracy 
and  aaaa  with  which  tha  airphotoa  can  ba  nsad  and  partly  duo 
ta  tha  Inoccesalbi  11  ty  of  cinch  of  tha  area  to  ha  ctappad. 
Caflnita  nnakag  patterns  have  been  Idnntiflad  at  altltndea 
of  5,000  and  10,^00  feet.  These  patterns  are  In  turn  re¬ 
lated  to  tha  topography  and  nushcg  coverage  according  ta 
tha  nadfo'th  system  from  which  properties  of  the  underlying 
peat  can  ba  inforrad. 

Thera  was  little  in  tha  way  of  prevlons  exparlenca  to 
Indicate  what  type  of  description  wonlU  best  describe  terrain 
profile.  The  description  would  have  to  be  statistical  since 
the  terrain  geometry  is  a  random  plianomenon.  Basically,  tha 
description  had  to  rest  on  statistical  properties  siifflelent- 
ly  simple  to  be  determined  experimentally  and  yet  sufficient¬ 
ly  detailed  so  ar  to  Include  a  feature  or  features  which 
would  be  significant  in  analyzing  statistical  vehicle  dynamics 
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It  w.i*  ••oniHc'?  to  noosiire  groiiint  ronrjhnes s  Inittallf  In 
tfirmf  rtf  I  l*rt  I'rtwor  spoctral  density. 

To  rthtrtlrt  thrt  power  spectra)  density,  p*d,  of  grottnd 
etemtion  (random  fnnction)  alon^  a  Straight  line,  or  mope 
precJsAly,  to  tditnin  an  estimate  of  it,  one  proceeds  as 
fo)  IrtwsJ  measnre  and  record  the  elevation  at  egnidlstant 
points  alrtrt'j  the  line;  compute  the  serial  correlntlon  from 
these  data  at  selected  Intervals;  the  smoothed  Fenrler 
-t-rc-ns-PoTr.f'r’ of  the  serial  correlation  Is  the  psd  estimate  - 
tlilc  Is  the  analysis  srheme  according  to  lh«  methrtds  of 

f) 

Plriehmann  ami  Tithey  .  The  ahsclssn  of  the  psd  1*  in 

(length)""^  itnlts,  1 ,  e,  ,  length  fregncncy  mills  and  the 

2 

ordinate  Is  in  (length)  milts. 

The  concept  of  tho  power  spectral  density  of  »  mndnm 
function  has  proven  fruitful  in  a  niimher  of  fields  fneludo 
luo  spec  t  roscopy,  comnun  leal  Ion  theory,  tiirhiilenee,  ete.. 

Th*.  '/atidliy  of  this  concept  rests  upon  the  assumption  that 
the  Kuderlying  statistical  mcchanisM  which  generates  the 
f  I  lie  1 11 ,)  1 1  no  does  not  change  as  tho  ahse.*tsa  Increases  and 
that  estin.ites  of  the  psd  way  be  obtained  from  records  of 
the  f  1  uc t u a 1 1  orb  One  basic  point  must  be  strossc'l.  Different 
sogi'ir'iits  of  a  record,  l.o.,  different  segments  of  a  long 
survey  record  of  elevation  along  a  straiuht  Iluc,  may  ap¬ 
pear  different  f ron  one  another.  The  psd  estimates  from 
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;  thoso  («o»«ats  may  also  ha  different  from  one  another.  Bnt 

i 

F  •  as  the  length  of  each  record  and  segment  Increases,  these 

( 

’  estimates  will  hocomo  closer  and  closer  to  one  another.  Ul- 

l  • 

•  tlmately,  when  the  segments  become  infinite  in  length,  they 

i 

ere  assnmed  to  coincide.  ThiM,  differences  in  pad  estimates 
ere  assumed  to  arise  from  the  f^ite  record  length. 

Of  eonrae,  no  records  are  of  infinite  length.  None-the 
less,  the  concept  of  psd  has  proved  useful  in  the  areas  men¬ 
tioned;  and  thus,  the  assumptions  Just  described  have  a 
practical  validity.  It  is  reasonable  to  expect  that  psd 
may  prove  useful  In  describing  ground  or  terrain  roughness 
over  reasonable  distances. 

The  selection  of  a  method  for  specifying  terrain  pro¬ 
file  made  posslMe  an  attempt  to  answer  the  fundamental 
question;  "What  is  the  maximum  speed  of  a  particular  vehi¬ 
cle  model  on  terrain  with  o  given  psd?**,  or  alternately, 

‘'flow  rough  is  a  ride  at  a  given  speed  with  a  given  vehicle., 
model  on  ground  with  a  specified  psd?"  It  is  to  be  noted 
that  a  new  point  has  been  raised;  namely,  the  criteria  to 
be  used  to  determine  "naxlnium  speed"  or  "rough  rJde," 

Conversations  with  rosponslble  personnel  at  various 
estnbll  shr-tents  established  one  point  of  importanre.  Most 
'  Individuals  held  the  position  that  tho  h'lmnn  driver  or 

human  cargo  is  one  of  the  most  slgnlflcnut  factors  in  setting 
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maxlnttin  xpecii  or  ilotorniiiting  hon  rongh  n  rid*  ft*  Farther^ 
tli«  view  tf.is  oxpressoH  that  present  vehicles  eeald  fee 
irlven  niich  faster  If  only  the  driver  troNld  d*  set  neehen- 
leal  brealcan<‘«  l^  it  **<>*  limit,  eenld  be  etlnlnsted. 


It  became  clear  that  the  areas  re^inlrlng  basic  researek 


were* 


a.  Statistical  description  of  reagh  ride  based 


upon  subjecting  hitmans  to  rnndoia  vibration  environment. 

b.  Statistical  description  of  terrain  profile 
based  upon  survey  data. 

Both  areas  are  presently  being  investigated.  The  sub¬ 
jection  of  humans  to  random  vibration  conditions,  la  ite 
initial  stages,  is  being  carried  ont  in  a  dynamic  seat 
siciulator.  The  initial  stages  of  the  test  pregrast  are  to 
determine  the  extent  to  mhieh  a  subject  can  detect  the  re**^ 
lative  roughness  of  simple  vibration  environments  from  tme 
TtrifTncT  power'Tpec t rn I  donsitlos  that  are  of  the  aster# 
of  real  t cr r a i n~ sp ocT r a ,  »he  statistical  desiga  of  the  ex- 
perl  m  e  n  t_  t  a.k  e  s .  J  n  t  o  ^  ^  Ilc— >  li  t.  t-kat — the.;  soap  fee  ru  a  ■- 

is  of  finite  length  and  nlll  be  subject  to  the  variability 
in  amplitude  that  occurs  when  looking  at  only  a  snail  portiea 
of  a  record  that  Is  statistically  stationary.  The  ultimate 
goal  is  to  determine  those  aspects  of  psd  that  detarmlne 
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qvaMtl  t.iti vely  the  Unite  of  eonfert  »  hunaa  will  accept 
ia  beiag  aabjeeted  tn  randan  vottical  vibrational  environ- 
nenta.  The  limita  canid  then  be  aaed  to  daternine  how 
rongh  the  seat  motion  wonld  have  to  be  In  order  to  prevent 
the  driver  from  going  too  fast. 

In  the  other  area,  surveys  of  terrain  profile  have 
been  initiated  to  determine  psd  estimates.  Since  the  psd 
affords  a  quantitative  method  of  describing  terrain  profile, 
one  can  deduce  quantitatively  the  roughness  of  a  profile 
having  this  psd  in  any  specified  frequency  band.  Itence,  it 
becomes  possible  by  use  of  psd  to  classify  terrain  accord¬ 
ing  to  these  neasures  of  roughness.  It  is  therefore  possible 
to  classify  the  roughness  of  those  areas  of  the  world  which 
are  of  strategic  military  importance. 

Since  there  is  no  readily  available  data  for  studying 
the  terrain  as  a  surface,  a  survey  on  a  field  located  la 
North  Central  Indians,  adjacent  to  Purdue  University,  has 
been  conducted.  The  survey  was  tahen  along  five  concentric 
lines  that  divided  a  circle  Into  equal  soetlont,  as  shown 
in  Figure  3.  The  length  of  the  lines  vary  from  1,500  feet 
for  lino  A,  to  1,200  feet  for  line  0.  Tho  elevations  were 
taken  at  six-inch  Intervals  along  each  line,  thereby  yielding 
a  spectral  resolution  of  or.e  ejele  per  foot.  These  are  pres- 
ilcd  In  rigures  d  through  0, 


^^STAVA//jpir 


Surr«y  Pl*ii»  Plowed,  CiltJvetM 
and  Craned  Field 

Pardee  Onlrereltjr,  Nortk  Central  Indiana 
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TEST  EQOIPilENT 


iR  order  to  ohteiii  phyaleel  toil  vet«et«  verteMf  teva- 
Metert  were  etlllxed.  The  e<tvlpaeat  ehewa  la  Flgara  9  if 
repreeentatlve  of  the  eqalpnent  aeed.  The  aae  ef  the  Bara'*  . 
■eter  It  deteribed  la  Referenee  4. 

Figaro  10  thoHt  the  deviee  naed  to  obtela  geeaetrie 
profllet.  A  deaerlptlea  of  its  aae  end  ehareeteriattea  la 
glren  in  Appendix  B« 

RBSOLTS 

The  phyaieel  toil  value  date  ere  preaented  fa  tabaler 
forn  with  the  toll  valnea  listed  along  with  aeil  type*  The 
geometrie  toil  valuea  are  given  la  a  power  apectral  deaalty 
fttnotion  format. 

As  iMplied  in  provlout  aeetlena.  the  eolleetloa  ef  field 
data  to  give  terrain  a  general  deteriptioa  it  divided  late 
three  arenst  Soil  strength,  sell  eever  or  vegetatiea,  and 
terrain  profile  or  geonetry.  Eoch  eategory,  in  Itself*  If 
a  Major  undertaking.  The  ultlrate  goal  is  to  chareeterlae 
or  classify  terrain  ever  large  areas  so  that  a  eoapreheRSire 
description  of  the  terrain  wilt  be  available.  la  tiMe*  it 
is  hoped  that  this  deseriptlon  will  be  on  a  world-wide  basis. 
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In  reviow,  th«  •trenct't  of  th«  soil,  at  doterlbod  by 
th«  Land  Locomotion  Laboratorf*t  Soil  Talao  Syttom,  it 
composed  of  the  sertieal  and  horlzontel  eoaponentt  of  soil 
strength.  Tho  vertical  strength  of  soils  it  described  by 
the  paramotere  and  n.  These  parameters  are  ated  to 

determine  tho  sinknge  of  a  londed  area  and  if  this  loaded 
area  is  a  wheel  or  track  of  a  vehicle,  they  arc  nsed  to 
determine  tho  wheel  or  track  motion  resistance.  The  hori¬ 
zontal  or  shear  strength  of  the  soil  is  described  by  the 
parameters  c  and  /i.Oy  combining  the  vertical  and  Iioriaontal 
strength  parameters  of  soils  and  applying  them  to  vehicles, 
it  is  possible  to  determine  the  performance  of  tho  vehicle. 

The  soil  strength  parameters  have  been  determined  for 
various  soils  under  controlled  laboratory  conditions  at  well 
as  in  the  field.  All  measurements  wore  obtained  by  the 
Oevameter.  a  device  desifned  by  the  Land  Locomotion  Labora¬ 
tory,  The  vertical  parameters  ore  determined  by  analyzing 
the  load  versus  sinkago  e.hnracteri  sties  under  eirenlar  and 
rectangular  sinkage  footings.  The  shear  strength  pnrametcra 
are  determined  by  the  torguo  versus  deformation  relation¬ 
ship  of  a  shcjr  annulus  at  various  normal  pressures. 

The  following  list  is  a'tabniatlon  of  the  soil  strength 
values,  first  for  the  controlisd  condition  and  then  for  the 


field  conditions: 


CONTnOLf.ED  LADOHATORY  CONDITlftH 


,  fJOISTURE 

($•1) 

J 

SOI*-  CONTEh'T 

4* 

‘e 

« 

P 

Dftgre^t 

1.  Ulshlgan 

14 

17.5 

6.6 

0.53 

1.6 

29.5 

Loam 

16 

9.5 

5.6 

0.50 

1.9 

27.5 

10 

6.5 

4.7 

0,47 

2.0 

25.5 

20 

4.5 

3.7 

0.42 

1.6 

23.5 

22 

3.3 

2.8 

0.39 

l.O 

21.5 

24 

2.2 

1.8 

0.35 

0.0 

19.5 

2,  Crystal 

0 

3.3 

1.0 

0.05 

28 

Silica 

Sand 

Dry  6  Loot# 

« 

3.  Volclay 

0 

1.0 

1.34 

0 

32 

Dry  &  Loot# 

4,  pHmIce  Stona 
( Powder ) 

0 

1.05 

1.15 

.  0 

32 

Dry  C  Loose 

5,  Mason  Sand 

• 

0 

3.5 

1.0  * 

0 

27,5 

Dry  &  Loose 

6.  Mississippi 
Duckshot 

38 

11.7 

3.7 

0.12 

2.9 

11 

Clry 


28 
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FIELD  nONOiTIONS 


SOIL 


HOISTORE 

CONTENT 

% 


C  * 

•  (5*1 )  D^areef 


1,  Detroit 
ArooRoS 


So.  Side  i 
Oia«  2!^ 
CenterliROf 
niek.  i 


2,  Dlto.Riror 

Sand  Dor 
Vicksburg, 

Kiss. 

3,  Atoa  25 
Ft«Knox,Xy* 

Clay 

Sandy  Loa* 
Sandy  Clay 

4,  Cburchrlllo 

Area,  AP6 
Haryland 


Bard  Pan 


Larated 

6.3 

2.7 

0.96 

•• 

1 

50 

3.2 

4,4 

0.42 

- 

- 

( 

1 

i 

40 

4.2 

2.6 

0.85 

«• 

- 

34 

13 

3.1 

0.28 

- 

- 

i 

« 

25 

23 - 

4,4y - 

_  (1.25 _ - _ 

* 

-  --f 

3.0 

1.5 

27.4 

1.1 

0.25 

29 

i 

-6"  dapth) 

• 

f 

V 

t 

( 

24 

5.2 

0.2 

0.75 

1.0 

18 

1 

1 

f 

IS 

7.0 

7.6 

0.87 

0.40 

20 

1 

15 

2.3 

1.3 

1.3 

0.85 

10.5 

1 

33 

0.90 

1.7 

0.33 

0.75 

11 

i 

32 

0.66 

1.4 

0.44 

0.80 

15 

1 

29 

1.6 

2.7 

0.63 

0.90 

23 

26 

4.8 

1.8 

0,40 

2.0 

26 

1 

i 

26 

1.6 

2.8 

0.58 

2.1 

26 

2.65 

6.8 

0.31 

2.0 

22 
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field  conditions,  conto, 


SOIL  aoisTons 

CONTENT  k- 

%  • 


5,  Erl«  Ord  19  . 

D«pot,  Port 
ClintAii,Ohlo  24 

27 

29 

6,  Onrden  Creek 
. Ar-t-ft,  — — • 

VI  ek  sburg, 

Mias. 


*  (p»f) 

Degree* 

- 

1-6 

41 

- 

2.8 

31 

- 

1.6 

24 

2.2 

18 

Silt  with  • 

23.5 

Vegetatloe 

3 

pL'?;.:'  *»• » 

20.0 

9.2 

1.4 

2.0 

33 

SWAMP  FOX 

11.  Area  ^ 

0 

47.0 

1.2 

3.2 

29.0 

Area  C 

•a 

- 

- 

2.3 

35.0 

Fort  Story, 

Va. 

13.S 

7.0 

1.0 

0.1 

31. S 

Beach  Sand 

Fort  Eustla, 

« 

Va, 

Messlck  Marsh 

21.0 

7.0 

0.62 

0.42 

31 

Thai  land  - 

Sara  Burl  SI 

m 

- 

- 

0.2S 

30.6 

Sara  Bari  S2  • 

- 

- 

- 

0.40 

31.2 

Sara  Burl  S3  > 

- 

- 

- 

0.34 

24.2 

Korat  X4 

- 

- 

> 

0.54 

22.1 

Kora'.  KS 

- 

m 

- 

0.43 

26.6 
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riKLO  C0WDIT10WS«  COMTO, 


r  »  I  .  »* 


SOIL 

hoistobb 

COffTOlI 

'  B ' 

% 

C 

0 

31 

* 

n 

(pal) 

Oagraaa 

10.  Tk«ll«ii« 

:  ■ 

• 

' " 

Cciitd. 

Btiig  PiRf  X 

37.7 

(0-6") 

20 

16 

0.31 

0.50 

26.0 

Brn^  Plug  XI 

39.2 

(0-6") 

7.5 

22 

0.30 

0.26 

32.4 

Btng  Ptf  lA 

55.4 

<0-6") 

16 

25 

0.16 

0.63 

29.0 

Banff  PO  B 

40.3 

0.50 

31.4 

• 

<0.6") 

“ 

Banff  PO  10 

60.6 

(0-6-) 

<» 

- 

- 

0.60 

29.9 

Banff  PU  11 

42.9 

(0-6") 

14 

21 

0.21 

0.43 

32.9 

Banff  PO  12 

19 

17 

0.19 

0.20 

32.0 

Banff  PO  13 

47.6 

(0-6") 

IS 

16 

0.16 

0.44 

36.9 

11.  Rouffhton, 

Olebiffan 

Snow  Palaaa  - 

1957 

1960 

3.6 

0.6 

0.3 

0.2 

1.0 

1.24 

0.18 

0 

18.2 

21.3 

12.  Ft.CIiurehi  11 

Rani toba, Can. 
Crusty  Surfae 

a 

0.35 

23, 

Sab-aarf aea 

0.23 

mm 

• 

20. 

13.  Greenland  Ice' 

m 

Cap,  Mile  18 
Nor,  1961 

1 

1 

0—3,5  pal  Range 

1.99 

1.80 

0.31 

3.5  pal  Range 

0 

1.1 

1.2 

0.1 

24.5. 

31 
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COKCLOSXONS 


Tft«  work  00  this  project  wee  not  intMndotf  to  bo  coo- 

ctueive  In  Motnro.  The  effort  wet  rferotef  priwarlly  to'tko 

collection  of  correntlj  ornlloble  terrain  Wto.  Ifowovor,.  it 

It  pottihle  to  offer  n  definite  eoncloelont^lThe  tpodiflct* 

* 

tlen  of  vehicle  ehoracterlstiet  can  and  anti  Ineliido  a  wldfo 

Vv  ^ 

range  of  foetora  aseoeiated  with  the  terrain*  It  It  not 
pottihle  *lf*t  ft*-"  to  establish  which  olooont  of  the 
terrain  la  of  orerrltling  Importance  or  whether  thoro  it  each 
a  terrain  element.  1twwover«~J»- to  ohatoot  fhot»  no  o  lot'W 

- _ _ _ Z - ^ 

ImdRIi^ho  soil  strength  charaeterlstict,  the  geOKotrle  pro¬ 
file,  and  the  vegetation  ohstaelet  mast  be  tpociflod.in 
quantitative  terms. 


\ 


MMRNDATIONS 


Xt  It  raconmended  that  future  Military  Ckarnctori itiet 
be  ttated  In  qnantitative  termt  where  pettlblo.  The  carroat 
data  only  permit  the  identification  of  the  toll  ttrontk 
criteria  but  as  Projects  tlEltS  and  MEGA  dovolop,  tbo  rotaltt 
of  these  projects  should  bo  Incorporated  in  Kllttary  CharaP- 
toristlct. 
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APPEWOIX  A. 

*  nOBILITY  PERP09nANCE 

!■  ordor  t«  midtrickt  nobility  porfornoReo  ttudioa  or  • 
veklelo,  tho  roRgo  of  vrImoo  of  drattbar  pall  (DP)  and  draw- 
i  bar  pall  par  load  (OP/if)  with  rospeet  to  a  range  of  valoea 

I  In  toll  eoRtittoney  (k)  antt  bo  foand. 

I  CtvoR  tho  valRoa  of  tr  or  p,  b,  ,  in  the  cate  of  tracked 

’  vehlelet,  and  0  la  the  cate  ef  wheeled  vehlelet,  and  a  ratgo 

i 

of  valaet  for  k^,  e,  and  taa  ^^raluea  of  DP  and  Dp/b 

I  Tortaa  k  nay  bo  foand  and  graphed  by  evaluating  the  eqaatlons 

^  la  the  following  proeedaret 

2«  Xq  and  are  dependent  on  the  angle  of  Internal 
friction  with  rocpeet  to  thu  angle  of  Inclination  ef  tho 
rupture  plane  and  way  bo  obtained  from  the  graph  appvarlng 
at  tho  end  of  the  Appendix  A.  , 

*wheol  " 

o 

*  a  t  ® 

track 

^'.^wheol  * 


(blo/D(3-n)  J 


2n  c-l 


s  Slnkage 


-1 


1 

n 


B  Slnkage 


2  •/xCD-a)  =  Contact  length 


COpy 
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G1  v«ji 


5.  A  -  =  Contact  Area 

6.  II  =  AC  ♦  w  tan  /I  =  Croas  Tractive  tffort 

bka"  *  * 

**0  “  V'l  =  Compaction  Retistaaca 


8.  R^  =  b(  zcKq  +Yx^  K^)  b  BttUdoaing  Reciatanca 

whara  V  =  Sail  danaity. 

9.  DP  =  n  -(R^  +  R.  )  =  Drawbar  Pall 

0  D 


10.  DP/W  =  ^ 

» 


Drawbar  Pall  par  wbaal 
or  track  load. 


Although  tha  valiiaa  obtained  giro  tha  valnoa  for  DP  and 
OP/tf  vartua  k  for  a  track  or  front  wheal  of  a  vahicla^  tha 
np  and  OP/!t  valuoa  for  rear  wheala  may  ba  diffaraat  dapandisf 
on  whother  one  wlshai  to  bollava  that  tha  other  whaata  ara 
encountering  resistance,  froa  bulldoalng  and  eonpactfon,  or 
not.  Teat  results  appear  to  indicate  that  tha  rear  wheat  a 
have  the  snir.o  Rotion  resistance  as  tha  front  wheals,  area 
though  the  soil  has  been  compacted  and  bulldoaed  by  the  front 
wheels.  This  result  is  based  on  very  limited  teats,  but  is 
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I  •bvioHd/  wbe*  tlt«  vebiel*  it  itbannUj)  direetitN.  How- 

•vf>r,  tko  ftllAwItif  pAttIhl*  tf titaptions  majr  b«  aad«  eoai- 
eemiag  tb«  reti  stance  eaeanatared  by  the  «h«ali  In  (|a««tlott 
,  (I)  Ra  eonptetioN  or  hMltdoaiag  resittaaet  it 

tReoNiil«red:  ther«foro,  DP  s  fl  and  Dp/W  =  !I/W, 

(2)  Conpaetlaa  hat  no  bnlldoiing  rotittanea  It 

ONConntarod:  tharcforo,  DP  s  ll-R  and  Df/W  »  (ll-R  )/N, 

(3)  Dotk  eoMpaetlon  and  bulldosing  rotittanea  it 
oneoRntorodi  tberefora,  DP  =  H-{R,  ♦  R.  )  and 

OH 

,  OP/B  !-  ’*“*•*0  * 

I  = 

\ 

Tba  attuiaptioR  Hhteli  it  nott  nearly  eorroet  It  loft  to  tho 

f 

roader,  tinea  a  eoaplototy  rorifiod  theory  la  not  avallahla. 


^ST4V4lL/iB 
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UPPBIDH  1. 

TttUXll  PIOPXLI  MEASUIEVnit  STsm 
.  if 

B«  8I«it 

BACK610D1ID 

Ctrly  !•  1953,  tkt  0«lf«raltf  cf  Mleklgca,  Eaglivcrl^f 
Rtittrck  A««  Ark«r.  niekigaa,  kagaa  wart 

*T«rralii  Caaaatry  naaaaraaaat*.  Tkla  wark  vaa  4aaa  akilar 
tka  apaasartkip  af  tka  Laa4  Laaaaatlaa  Labaratarp,  Datralt 
Ariaaal,  Caatar  Llaa,  kieklfaa,  Aa  axtaatlf#  ttatfp  waa  aadt 
af  all  axlatlag  aatkatft  af  aaaaarlag  tarrala  praflla.  A  eaa* 
aapt  wat  ialaata4  ba(a4  aa  tkia  atadp.  Tka  praaaat  agaipaaat 
raaaoblaa  tka  eaaeapt  elaaalp.  Tka  dlffaraaeat  ara  prlmarilp 
■aekaaleal  daalga  ckaagaa  aktch  wara  aada  ta  alapllfp  aad 
raggadlaa  tka  flald  agalpaaat. 

SY5T-*1  nrf:«tATTOf<  (Sloi.a  Tataaratlan  ^atkodlt 

Tka  agatpaaat  wta  daalgaad  araaad  tka  alapa  latagratlaa 
aathod  af  tarrain  geaaatrp  aaaaaraaaat.  Tkia  aathad  la  Sl> 
laatratad  In  flgara  11, 

kith  rafaranea  ta  Flgara  II,  ta  ardar  to  datarnlaa  tka 
ralattva  alaTotiaa  af  0  ta  A,  (p  •  p^}  aad  tka  karlaaatal 
diatanea  hatwaaa  tha  t»a  paiata,  x,  it  la  aaeaaaarp  to  anaanra 
tka  dittnnea  from  A  ta  B  along  tka  eur«a,  a,  and  tka  angla.  9 
tkat  tka  graind  katwaan  A  and  B  aakat  with  a  trao  korlaontal 
drawn  iHrough  pola,t  A. 
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SLOPS  XMTZGSATlOlf  MSTBOO 


OF  rSKRXtn  OEOKBTXY  KEAStlSSJaVT 


EI«vatlont  y  *  yo  *  J  ^ 

o 

Rorlzontalt  *  <■  A  co«  •  da 
Oiatanea  & 

A  a  a  Total  travel  along  curve 

y  a  Blavation  of  ground  for  total 
travel,  a  a,  along  the  curve 

•  Slevation  of  ground  at  start  of  rue 

H  m  hortrontnl  dictance  for  total  travel, 
4»,  aldng  tha  curve 

e  :  slope  angle  of  ground 
Flgsre  11. 
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STSTEW  DE?;ic?e  roH  Frt;r.D  osk; 

!•  practice,  tic  dlstaacc  aloag  the  carve,  a,  ia  acaaered 
will  a  fifth  rheel.  The  alope  aagle  ef  the  groand,  0,  la 
■eaaared  «lth  a  taadea  Hheel  deeiee  having  a  12  inch  wheel 
biase.  Therefore,  6,  la  the  angle  that  the  twelve  inch  wheel 
baae  aakea  with  a  true  horiaoatal. 

The  detaila  of  the  profile  wheel  are  ahowa  la  Figure  12 
The  true  horiaontal  la  neaanred  with  a  gfro.  The  gjrro  traaa- 
Mlta  a  signal  to  the  wheel  bate  which  positiona  a  sjnehro  re¬ 
lative  to  the  true  horiaontal.  A  second  synchro  is  neehan- 
ically  connected  to  the  wheel  base.  The  slope  angle  of  the 
ground,  9,  la  the~ dl Tf erence  between  the  two  synchro  angles. 

STG^iAL  <;~Nr:nATf:n  by  tuf:  prc-ftl?:  '7nr:rt.; 

The  wheel  bate  angle  is  interpreted  as  a  O.C.  voltage 
between  -^2  and  -2  volts.  The  voltage  ia  positive  for  positive 
angles,  aero  for  an  angle  of  sero,  and  negative  for  negative 
angles.  This  voltage  la  aonitored  tbronghoot.  the  test  run  os 
aa  oscilloscope. 

SY*?Tr«^  cMT'H^-\TTnN! 

Before  the  start  of  each  test,  the  systea  is  calibrated. 
Calibration  consists  of  adjusting  the  systea  so  that  a  specif¬ 
ic  voltage  corresponds  to  a  specific  angle.  For  exaople,  oae 
volt  could  correspond  to  a  wheel  base  angle  of  20  degrees. 

Such  a  calibration  is  shown  la  Table  I. 
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TABLE  I. 


rnE  CALIBRATION  1.00  VOLTS  =  10* 


0 

sia  e 

1.00  r«it  =  10* 

Vo 1  tag* 
Propertioa*! 

To  Slo  e 

Vcltage 

Proportloaol 

To  ft 

Toltag* 
Dlf farenea 

0 

.0000 

.000 

.000 

.000 

1 

.0175 

.101 

.100 

-.001 

2 

.0349 

.201 

.200 

-.001 

3 

.0523 

.301 

.300 

-.001 

4 

.0690 

.402 

.400 

-.002 

5 

.0872 

.502 

.500 

-.002 

6 

.1045 

.603 

.600 

-.003 

7 

.1219 

.703 

.700 

-.003 

0 

.1392 

.802 

.000 

-.002 

9 

.  1564 

.901 

.900 

-.001 

10 

.1736 

1,000 

1.000 

.000 

11 

.1908 

1.099 

1.100 

♦  .001 

.2079 

1.197  . 

1.200 

+  .003 

13 

.2250 

1.296 

1.300 

+  .004 

14 

.2419 

1.390 

1.400 

+  .010 

IS 

.2560 

1.490 

1.500 

+  .010 

16 

.2756 

1.585 

1.600 

+  .015 

17 

.2924 

1. 685 

1.700 

+  .015 

18 

.3090 

1.780 

1.800 

+  .020 

19 

.3256 

1.870 

1.900 

+  .030 

20 

.3420 

1.970 

2.000 

+  .030 

25 

.4226 

2.439 

2.500 

+  .061 

30 

.5000 

2.880 

3.000 

+  .120 

35 

.5736 

3.310 

3.500 

+  .  J90 

40 

.6428 

3.710 

4.000 

+  .290 

I 

i 


i 


I 


( 
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IKT-RPRirTATIOX  OF  TUP.  Gl-KEWATirD  5IGKAL; 

Teehaieallj.  t^e  signal  generatad  by  the  synebre  systea 
is  proportional  to  the  sine  of  the  angle  rather  than  the  angle, 
'^able  T  shows,  for  a  calibration  of  1  volt  =  20*,  Oe  reltage 
proportional  to  the  sine  of  the  angle  is  egual  te  the  voltage 
proportional  to  the  angle  to  within  -  .05  volts  for  angles  less 
than  30*.  The  system  electrical  resolatioa  is  -  .05  volts,  and 
angles  greater  than  30*  are  seldom  encountered  in  the  field! 
therefore,  la  practice,  the  output  voltage  is  treated  as  being 
proportional  to  both  the  sine  of  the  angle  and  the  angle.  The 
fanetioa  used  is  the  one  that  is  most  convenient. 

FTEf.D 

Figure  13  shows  how  the  system  works  in  the  field.  The 
system  is  calibrated  as  described  previously.  At  the  wheel 
traverses  the  ground  profile,  a  continuous  record  of  the  wheel 
base  angle  is  recorded  on  one  channel  of  an  instrument  type 
tape  recorder.  A  measurement  of  the  profile  wheel* s  movemenl 
along  tho  curve  is  recorded  as  a  series  of  identical  pulses. 
Each  pulse  represents  a  specific  distance  traveled  along  the 
carve.  In  Figure  13  tho  distance  is  S-l/4  Inches. 

A  voice  channel  is  used  to  record  calibration  data  and 
general  information  about  the  terrain  being  measured. 

fTATA  RirnrcTION  (?aw  ^ata  E v a  1  u n 1 1 0 n ) ; 

The  raw  data  is  yead  out  on  a  brush  recorder  and  exaslu- 
ed  for  continuity  and  magnitude.  The  data  is  edited  on  the 
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basis  of  this  axaniaatloa  and  than  tha  aditad  data  Is  aapll- 
fiad  is  a  PACE  aaalog  eoapatar.  Tha  anpllftad  sigaal  Is 
digitixad  is  a  special  place  af  aqalpaaat  dasigaad  aad  ballt 
bjr  Spsco.  Tha  aad  predict  af  this  stage  ef  data  radactfea  Is 
aa  edited,  digitised,  Bagaatle  tape  saltabla  far  asa  aa  ear 
Barreughs  F.laetredata  205  digital  eeapatas. 

ntoiTA!.  grnnc-TOT; 

The  data  is  operated  aa  by  tha  eanpater  which  salras  far 
tha  elaTatiaa  and  horisontal  distance  as  indicated  in  Pig.rra 
1.  Tha  eanpater  oatpat  is  asaally  in  a  fern  saftabla  for  asa 
an  the  l’\CF  Data  riottar.  The  data  plotter  nrodacas  a  praflla 
carve  siailar  to  that  shown  in  Figaro  Id, 

DRIFT  cnRRrrTTors 

Figaro  14  .shows  that  tha  raw  data  exhibits  a  cartaia  da 
gree  of  drift.  This  drift  is  asaally  saalt,  narnally  being 
lass  than  two  degrees.  As  Flgara  4  indicates,  this  drift  can 
be  partially  conpensated  for  during  the  data  redaetien  process. 
The  correction  process  is  relatively  siaple.  Knowing  tha  total 
elevation  error  at  tha  end  of  tha  run,  a  correction  factor  Is 
applied  throughout  the  entire  run  to  reduce  tha  total  elavatiea 
error  to  very  near  zero.  It  has  been  found  that  this  process 
reduces  the  error  at  any  point  along  the  ran  to  a  nlnioun. 

tos^sTPt.n  r'lrTi'MrNT  vonTFirATTox : 

At  present  the  data  reduction  and  analysis  process  is 
sonewhat  time  eonsuning.  Consideration  is  being  given  to 
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noditj  tli«  present  equipment  se  that  all  er  part  ef  the  data 
reduction  can  be  done  as  it  is  acquired  la  the  field. 

n.*;!'  TIIF.  niTt  frnrironnent  nescrlpt  len)8 

The  ground  profile  Is  an  leportaat  factor  la  deseriblag 
the  physical  enTironment  of  a  combat  rehlcle.  rrerioas  aethods 
used  to  surrey  ground  profile  are  time  eonsna^ag  aad  expeaatre. 
The  terrain  profile  neasurenent  aystea  allows  a  rapid  surrey 
to  be  made  of  practically  any  test  course  la  a  ralatlrely  short 
time.  It  is  also  possible  to  repeat  these  aeafuremeats  as  re¬ 
quired  to  determine  profile  change  due  to  weather  er  rehlcle 
traffic. 

An  important  feature  of  the  systea  is  that  the  data  is 
taken  la  a  fora  that  can  be  fed  directly  into  a  computer  systea 
for  reduction  and  analysis. 

As  a  surrey  derlce,  the  systea  is,  therefere.  capable  eft 

a.  describing  a  specific  test  course 

b.  comparing  two  or  more  test  courses. 

c.  measuring  short  or  long  term  weather  affects 
on  the  ground  profile. 

# 

d.  measuring  the  effects  of  rohiclo  traffic  on  the 

ground. 

vniTCLf.  coNcrpT  »-y \t,»uiov; 

Vehicle  concepts  arp  now  analyzed  at  ATAC  with  respect 
to  their  ride  characteristics,  using  an  analog  computer.  The 
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lipdt  f*r  tkti  •fslMatlta  it  tk«  t«st  eturtt  t«rv«y 
r*«trda4  tii  •••■•tit  t«p«. 

ta  tka  ■•••  fatara*  it  it  Iataa4t4  ta  ata  tka  praflla 
<ata  la  a  aaapattr  •rafra*  ta  pradiat  eaaaapt  fnal  eaaaaaptloa 
tad  ataraga  tpaad  taar  tka  taritat  tatt  aaartat. 

sust’Ptyiort  TE-^T  Awn  KK\Lr<XM 

rroeuraaaat  kat  bata  laltiated  far  a  davlet  ahieb  will 
tabjaet  a  tatpaailaa  wait  ta  loadlaQt  tiailar  la  eagaitada  and 
fragatacy  ta  thaaa  tka  aalt  woald  aaeonatar  la  tka  flald.  Tka 
ability  af  tklt  dariet  ta  tabjaet  a  tagpaailoa  unit  ta  aqalra- 
laat  flald  taatlag  la  tka  labaratary  aakaa  It  a  uatfal  rastarek 
tatl,  at  wall  at  aa  aadaraaea  tatt  Maehina, 

Tka  lapat  aaatrel  tlgaal  far  tha  dariea  will  ba  tha  pra- 
flit  data  af  tha  tatt  eoarta  tarray  raeordad  aa  aasaatle  tapa. 
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